Sports. Suicide. These are not terms that sports medicine specialists, or the lay public, would usually link together. Yet a cluster of suicide events in professional athletes, primarily American football players, has led some physicians and fans to wonder whether participation in the former might increase an individual's risk of eventual death by the latter. Certainly, even the possibility of such a connection is a chilling thought.
In 2005, Omalu and colleagues published the first 18 in a sequence [17] [18] [19] of case reports of the autopsy findings of retired players from the United States (US) National Football League (NFL). The backstory behind the collection and publication of these case reports was dramatized in the 2015 motion picture, Concussion. The subject of the first report was a 50-year-old man who had retired from the NFL at the age of 38 years following a 17-season professional career. The cause of death was a myocardial infarction, and the autopsy showed evidence of coronary atherosclerosis with dilated cardiomyopathy. The authors also reported that family interviews described a history of behavior that ''resembled a dysthymic disorder,'' deficits in memory and judgment, and parkinsonian symptoms. Although the man's brain was grossly normal in appearance, an extensive neuropathological examination revealed microscopic findings including ''frequent diffuse extracellular amyloid plaques, sparse t-positive neuritic threads, and sparse intraneuronal band-shaped and flame-shaped neurofibrillary tangles.'' The authors concluded that these findings fit the criteria for a condition that previously had been described in former boxers known as dementia pugilistica or chronic traumatic encephalopathy (CTE). The authors presumed that these findings were related to trauma that occurred during the player's extensive professional football career.
In 2010, this case was republished along with those of 3 other retired NFL players and a professional wrestler in the article ''Chronic Traumatic Encephalopathy, Suicides, and Parasuicides in Professional American Athletes.'' 16 Two of the football players and the wrestler had committed suicide, and the index patient was now reported to have made several suicide attempts prior to his fatal myocardial infarction. The fifth subject ''had manifested progressive symptoms and signs of cognitive and neuropsychiatric impairments including possible parasuicidal behavior'' prior to his death in a crash following a high-speed police chase. All 5 patients had neuropathological findings deemed consistent with CTE. The authors proposed a pathogenetic sequence of athletic trauma producing CTE, which in turn produced cognitive impairment and depression, and implied that this ultimately manifested itself in the suicidal and parasuicidal behavior of the 5 reported individuals. In 2011, Omalu and colleagues 15 published a description of 4 histomorphological CTE phenotypes based on their own cases, which included a summary of an ''emerging syndromic profile'' associated with the pathology. This clinical profile comprised a long list of symptoms and behaviors, including suicidal ideations and thoughts, parasuicides, and suicides.
McKee and colleagues 4, 12, 13, 24 have also written extensively about CTE, linking it to participation in contact sports. In 2011 they stated, ''It is believed that repetitive brain trauma, with or without symptomatic concussion, sets off a cascade of events that results in neurodegenerative changes marked by a unique tauopathy and TDP-43 proteinopathy.'' 24(pS466) These authors have proposed a 4-stage classification of clinical symptoms and signs that in their experience are expressions of the neuropathological findings of CTE. 13 Clinical manifestations include headache, difficulty concentrating, memory loss, depression, mood swings, aggression, explosive episodes, executive dysfunction, and suicidality. The authors described a progression of symptom severity corresponding to the neuropathological findings; suicidality was reported as a ''less common symptom'' in stages II and III CTE, but 31% of the 13 subjects they classified as having stage IV CTE ''were suicidal at some point in their course.'' In an analysis of the histories of 35 former American football players in their registry, the authors reported that years played, years since retirement, and age at death correlated with the pathological stage of CTE, while the reported number of concussions, years of education, lifetime steroid use, and position played did not.
Not surprisingly, a cluster of suicides among retired NFL players 7 has disturbed the lay public and caused some to wonder whether these cases represent a random confluence of individual tragedies or the first wave of an impending widespread epidemic. The search for epidemiological evidence to address this question has directed attention to an ongoing collection of data by the National Institute for Occupational Safety and Health (NIOSH) of the US Centers for Disease Control and Prevention. In 2012, NIOSH authors reported follow-up on a prospective data collection begun in 1990 at the request of the NFL Players Association. 1 The study's database consisted of 3439 NFL retirees in the NFL pension fund. All study participants were fully vested in the pension fund, which meant that they had played at least 5 seasons from 1959
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The 2012 paper 1 was designed to focus on cardiovascular mortality. Standardized mortality ratios (SMRs) were constructed for the players by comparing them to the US population of men stratified by age, race, and calendar year. By the end of 2007, after 26.8 years of follow-up, 334 players had died, and the average age of the survivors was 57 years. The study found that overall mortality of the retired players was dramatically decreased in comparison with the general population, with an SMR of 0.53 (95% CI, 0.48-0.59). Death from cancer (SMR, 0.58) and cardiovascular disease (SMR, 0.68) were also much less than expected, although defensive linemen as a subgroup did have an increased risk of death from cardiovascular disease and cardiomyopathy.
In this article, 1 only a few lines in a detailed table comparing observed and expected deaths from various causes shed any light on the question of increased risk of neuropsychiatric problems and suicide in NFL retirees. Deaths attributed to ''intentional self-harm'' and ''mental, psychoneurotic, and personality disorders'' were significantly fewer than expected, while those from ''disease of nervous system and sense organs'' were slightly but not significantly greater.
Later in 2012, NIOSH authors supplemented this information with a detailed report on neurodegenerative causes of death among retired NFL players, looking specifically at Alzheimer disease (AD), Parkinson disease, and amyotrophic lateral sclerosis (ALS). 10 This analysis expanded on the prior study by considering diagnoses listed under multiple causes of death, stating that conditions such as AD and ALS are more likely to be listed as contributing rather than underlying causes of death. Again, overall mortality was considerably less than that of the general population, but neurodegenerative mortality was increased, both as the underlying cause of death (SMR, 2.83 [95% CI, 1.36-5.21]) and one of multiple causes of death (SMR, 3.26 [95% CI, 1.90-5.22]). Using the multiple causes of death rates, both ALS (SMR, 4.31 [95% CI, 1.73-8.87]) and AD (SMR, 3.86 [95% CI, 1.55-7.95]) were more common than expected. No comment could be made about CTE as a possible cause of death because it is not listed in the International Classification of Diseases (ICD). The authors cautioned that it was not possible to conclude from their data the cause of this increased risk, and that the SMRs they reported have fairly broad confidence intervals owing to the relatively small number of deaths attributed to these conditions.
In the current issue of The American Journal of Sports Medicine, Lehman and colleagues 11 from NIOSH return to this database in their article, ''Suicide Mortality Among Retired National Football League Players Who Played 5 or More Seasons.'' The authors updated the vital status of the players through 2013, adding 6 years of additional data. Cause of death was determined from the National Death Index or death certificates from state bureaus of vital statistics. Among the 3439 individuals in the original cohort, 537 had now died, an increase of 203 since the prior studies. Once again, overall mortality (SMR, 0.60) as well as death from heart disease (SMR, 0.75), cancer (SMR, 0.59), and assault/homicide (SMR, 0.14) were significantly less than expected. Most pertinently, 12 suicide deaths had occurred, significantly fewer than the 25.6 that would be expected in a comparable age-, sex-, and race-matched segment of the general US population (SMR, 0.47 [95% CI, 0.24-0.82]).
If suicide in football players is the consequence of a sequence of events initiated by head trauma, the risk of self-inflicted death might vary with the position played. By this line of reasoning, because speed position players have been reported to have an increased incidence of concussion, their risk of suicide might be greater. To investigate this possibility, the authors stratified the players into 2 categories: speed positions, which included offensive backs, wide receivers, tight ends, linebackers, and defensive backs; and nonspeed positions, which included both offensive and defensive linemen. As it turned out, there was no difference in the prevalence of suicide between these 2 categories of players, with 6 suicide deaths in each group. The SMR for players in speed positions was 0.39 (95% CI, 0.14-0.86) and for players in nonspeed positions was 0.47 (95% CI, 0.14-1.51).
This study comprises the most robust epidemiological evidence on the risk of suicide among former players of American football. A previous study of college athletes, including football players, also reported a suicide risk that was lower than that of the general population, but that investigation only covered the period of the athletes' collegiate careers. 22 Of note, in that report, football players did have a higher rate of suicide than other college athletes. An Italian study of 5389 retired professional soccer players that included the period between 1975 and 2003 reported a suicide rate similar to, although not lower than, the expected one for the population at large. 25 The NIOSH authors are careful not to draw conclusions beyond the scope of their data. Most importantly, they caution that the findings may not be generalizable to all professional football players or to amateurs. Because their cohort consisted of men who were fully vested in the NFL pension fund, their players' career lengths averaged 8 seasons, considerably longer than the NFL norm. This may correspond to an accumulation of greater financial resources, which could mitigate against social factors that would contribute to the risk of suicide. In addition, the study only tracked death by suicide and did not identify players who might be living with psychological impairments.
The admirably long-term follow-up of this study adds to its importance, but it also imparts a limitation. The terms of enrollment required that all participants played between 1959 and 1988; individuals who played more recently may have a different risk exposure. If CTE did increase the risk of suicide but is itself uncommon among NFL players, any increase in the suicide rate among individuals with CTE could be masked by an otherwise generally decreased risk of suicide in NFL retirees. 7 Nevertheless, when the outcome of interest is a potential long-term sequela of athletic trauma in American football, 28-to 57-year follow-up of players who averaged 8 years in the NFL would seem to constitute something of a worst-case scenario, especially in comparison with those whose participation in football ended at the high school or university level.
The current study, and this editorial, have concentrated on the risk of suicide among retired football players. There are other important issues and controversies surrounding neuropsychological disorders and participation in contact sports that deserve separate consideration. Several studies, including the second 2012 NIOSH study already discussed, have found an increased prevalence of mild cognitive impairment or more advanced neurodegenerative disease among NFL retirees. 6, 10, 21, 26 The Italian study of retired professional soccer players had a similar finding, 25 while a Minnesota study of former high school players 23 did not. The relationship of these findings to prior concussions, routine nonconcussive head impacts, genetic predisposition, and other factors such as drug and alcohol usage is still under discussion. 2, 3, 5, 7, 8, 9, 13, 15 The concept of CTE is controversial, and not all authors accept the presumption that the neuropathological findings comprised by this rubric are responsible for the clinical manifestations that have been attributed to it. 2, 8, 14, 20 More extensive prospective data are needed before a consensus on these questions can be expected. However, the current study from NIOSH provides a substantial and reassuring contribution on the specific subject of suicide risk in players with long NFL careers, which may also have relevance for individuals with less exposure to the sport. The best evidence we have to date suggests that, while these veteran football players are not immune to the possibility of suicide, they have no special predisposition for it.
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